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First Ancient Human Genome

Eske Willerslev




The Saggqaq Genome Project

4,000 years
Hair sample from permafrost

DNA extraction <10% contamination
20 X coverage

Started 2009




The Neandertal Genome Project

38,000 years
Leg bone from a cave in Croatia
DNA extraction >95% contamination

1 X coverage
Started 2006




DNA from hair
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DNA from hair

e Hardly any contamination

e Relatively high yield

e Short fragments

®* <3 month sequencing

e Post-mortem DNA damage

e Polymerase Phusion



Flow chart over pipeline and data summary

a b c
Other
All reads Eukaryota B?“”(}‘(“
3.5 billion (100%) 0.443% 0403% ...

0.000362% Archaea
1 _— 0.000002%

Index filtering Unidentified

sequence
Correctly indexed

3.3 billion (93%)

Map to hg18

Cumulative fraction of sites (96)

20+ - Only repeat regions
84.2% ks Without repeat regions
Uniquely mapped Homo sapiens 104 — All positions
0

1.8 billion (46%) 0 10 20 30 40 50 60 70 80 90 100
Read depth
Collapse clones

Bistnd i s

Cre 27 I R—
Coverage map '

—_—— € on2 15.5 Mb | 16.0Mb |
2.4 billion bp 100
. 1_adud
Genotyping  pocembly gaps
2.2 million SNPs UCSC genes _ i o OHH M e
86% overlap with dbSNP §
' C1h(3 :‘f? 1.5429 kb | 1.5430 kb |
¢ Filter SNPs
- Coverage
353,151(high-confidence)
SNPs 1 e I | ST iy et ki
93% overlap with dbSNP Homology  Chr 3:180415171-180416281 W T T T T N N T W

Simple repeats NN BN DN e S (CAGC),



CENTERFO
RBIOLOGI
CALSEQU

sl Functional SNP assessment

What can we say about his phenotype?

=
—
—

i



Single nucleotide
polymorphism

Rasmussen et al.£ have sequenced the genome of a8 man from the Saqqaq culture, using DNA from hair preserved in permafrost in
Greenland. They analysed the genome to find single nucleotide polymorphisms (SNPs) — differences in single DNA base pairs that exist
between indwidual genomes, and that may act as markers of an individual's physical traits. a, Here, a short stretch of human DNA s
shown that is a marker for normal earwax. b, In the analogous DNA from the Saqgaq individual, there is a8 SNP in which a C in the lower
strand has been replaced by a T (C, G, T and A denote the four kinds of DNA base). This SNP shows that the Saqqag man had dry
earwax, Rasmussen and colleagues identified other SNPs indicating that the ancient human had, among other things, brown eyes, non-
white skin, thick dark hair and an increased susceptibity to baldness.

V. WARD, UNIV. AUCKLAND






Thick hair Increased risk of baldness

133827760 r$1385699
r$6152
Dark hair
‘ »
Dry earwax, common in Asian people rs12913832
r$17622%3 rs4778241
rs4778138
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© 1 Cold adaptation
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Gluten intolerant rggggasg
rs2305764 " rs751141
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rs4988235 : rs2570032
rs182549 r$12946618
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From genotype to phenotype: how good are we at putting a face to an anonymous individual? - While some traits manifest
themselves in a tissue specific manner (highlighted in green), others are more systemic (highlighted in blue). Going from the
genetic blueprint to visual appearance, physiological behaviour and medical predispositions is still an open challenge.



Table S14. List of SNP identifiers used for functional assessment. Associations to
phenotype were curated from literature, public databases and HGMD Professional.
Frequencies from Hapmap Phase-Il are represented in pie charts, with the colour of
the Saqqaq Allele matching the corresponding genotype in the pie charts. In most

cases, the Saqqaq allele 1s closest to the Asian (Han Chinese and Japanese)
populations.
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rs17822931* 72 836E-09 T/T
rs3827760’ 73 | 56l1E-12 C/IC
rs16891982" 74 |387E-13| C/C
51042522

75 2.75E-11 | G/G

rs13222385" 59 |32IE05| A/G

®¢5 5000

rs751141" 59 | 2I3E07 | TT | oY
rs1800404" 59 |251E-14| A/A G {»
rs1426654" 59 |8.78E-12| GIG K —Br A @A S B
rs2570932" 59 ’0'007'509* ce | & ";Ij‘ "_-.
$12946618" 59 ‘0'002'38"’ A/A i: VR :’ @

A A A
Al MM

o 60 00605 0 0c¢

e o 8- 8¢
'Blood Group: not type O. *Blood Group: Al subtype. *Brown eyes. “Not European
light skinned. *Increased risk of baldness. "Higher body mass index. "Higher
percentage fat mass in Caucasian and Chinese samples. *Dry earwax, common in
Asian people. “Thick hair and Shovel shaped upper front teeth. ""More likely to have
black hair (in European cohort study). '' Cold adaptation: non-synonymous change in
TP53. 12 Cold adaptation: Metabolic genes.

D) l"‘i

rs12946115" 59 | 244E-06 | C/C

{

!
f._ | i



CENTERFO
RBIOLOGI
CALSEQU
ENCEANA

vs-ces. | he ancient genome database

www.ancientgenome.dk

e Get sequence

e Compare to reference genome (NCBI 36)
® SNP accessions

® Phenotypic associations
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http://www.ancientgenome.dk
http://www.ancientgenome.dk

L4 | > J| 4 [e85 heep: / www.cbs.dtu.dk /cgi-bin/saqgaq.cgi

The Saqgaq Genome Database (beta)

[ home | download flat files | ancienigenome dk )




Ll ""
The Saqgaq Genome Database (beta)

Choose aliernative output 1ormat | Table with adcwtional information 18 (Submat )

Result
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16 46815691 T y  TT  9995e-14 33
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Cases vs controls

Obtain DNA from a disease group (e.g. asthma) and a control group

For each individual: Run DNA on a SNP array measuring the
genotypes at almost 1M loci

It the group consists of 1,000 individuals, one obtains 1,000 x
1,000,000 genotypes

Quality Control

Loop over all SNPs, and identify those that are significantly more
common among cases than controls

Those SNPs are associated with the disease

Not necessarily causal



Example of GWAS results (asthma)

Manhattan plot displays all SNPs on x-axis (order by
genomic location), and -log1o of p-values on y-axis.
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Figure 2. Manhattan Plot of the Results from the Combined Subjects of European Ancestry Who Had Asthma.

The -log,, P values are plotted against the physical distance. Only the two loci at chromosome 1g31 and 17921
were significantly associated with asthma after Bonferroni correction. Individual chromosome labels are indicated

in white within the Manhattan plot.

Variants of DENND [ B Associated with Asthma in Children

Patrick M.A. Sleiman, Ph.D., James Flory, Ph.D., Marcin Imielinski, M.D., Ph.D., Jonathan P. Bradfield, B.S., Kiran Annaiah,
M.Sc., Saffron A.G. Willis-Owen, Ph.D., Kai Wang, Ph.D., Nicholas M. Rafaels, M.S., Sven Michel, Ph.D., Klaus Bonnelykke,

M.D., Ph.D., Haitao Zhang, Ph.D., Cecilia E. Kim, B.A., Edward C. Frackelton, B.A., Joseph T. Glessner, M.Sc., Cuiping Hou,

M.Sc., F. George Otieno, M.Sc., Erin Santa, B.A., Kelly Thomas, B.A., Ryan M. Smith, B.A., Wendy R. Glaberson, B.A., Maria
Garris, B.A., Rosetta M. Chiavacci, B.S.N., Terri H. Beaty, Ph.D., Ingo Ruczinski, Ph.D., Jordan M. Orange, M.D., Ph.D.,
Julian Allen, M.D., Jonathan M. Spergel, M.D., Ph.D., Robert Grundmeier, M.D., Ph.D., Rasika A. Mathias, Sc.D., Jason D.
Christie, M.D., Erika von Mutius, M.D., Wiliam O.C. Cookson, M.D., Michael Kabesch, M.D., Miriam F. Moffatt, Ph.D., Michae
M. Grunstein, M.D., Ph.D., Kathleen C. Barnes, Ph.D., Marcella Devoto, Ph.D., Ma rv.v’n.:ﬁ, , M.D., Hongzhe Li, Ph.D.,
Struan F.A. Grant, Ph.D., Hans Bisgaard, M.D., and Hakon Hakonarson, M.D., Ph.D.

N Engl J Med 2010; 362:36-44 | January 7, 2010



Online phenotype association resources

® NHGRI’s Catalog of Published GWAS:

http://www.genome.gov/26525384

® SNPedia:

http://www.snpedia.com



http://www.snpedia.com
http://www.snpedia.com
http://www.genome.gov/26525384
http://www.genome.gov/26525384

Published Genome-Wide Associations through 6/2010,
904 published GWA at p<5x10-8 for 165 traits

2010 2nd quarter

NHGRI GWA Catalog
www.genome.gov/GWAStudies
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SNPedia

Earwax

rs17822931 determines wet vs dry earwax [PMID 16444273 )

This can also be used to distinguish asian ancestry.
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From genotype to phenotype

¢ 99.9% of human DNA is identical to another person
e 0.1% — over 80% are single nucleotide polymorphisms (SNPs)
e The genotype of an organism is the inherited instructions within the DNA

e A phenotype Is any observable characteristic or trait of an organism

Exercise: Genotype to Phenotype
hitp.://wiki.cbs.dtu.dk/teachingmaterials/index.php/ExGenotype2PhenotypelLite



